Angiotensin II-stimulated Na+/H+ exchange in cultured vascular smooth muscle cells. Evidence for protein kinase C-dependent and -independent pathways.
Angiotensin II, a potent vasoconstrictor, is known to stimulate Ca2+ mobilization and Na+ influx in vascular smooth muscle cells (VSMC). The fact that the Na+/H+ exchange inhibitor, amiloride, blocks angiotensin II-stimulated Na+ influx and is itself a vasodilator suggests that Na+/H+ exchange may play a role in the angiotensin II-mediated effects on VSMC. We have used a pH-sensitive fluorescent dye to study Na+/H+ exchange in cultured rat aortic VSMC. Basal intracellular pH was 7.08 in physiological saline buffer. Angiotensin II stimulation caused an initial transient acidification, followed by a Na+-dependent alkalinization. Angiotensin II increased the rate of alkalinization with apparent threshold, half-maximal, and maximal effect of 0.01, 3, and 100 nM, respectively. Angiotensin II stimulation appeared to be mediated by a shift in the Km of the Na+/H+ exchanger for extracellular Na+. Since angiotensin II activates phospholipase C in VSMC, we tested the possibility that angiotensin II increased Na+/H+ exchange by activation of protein kinase C via stimulation of diacylglycerol formation. The phorbol ester, 12-O-tetradecanoylphorbol-13-acetate (TPA), stimulated Na+/H+ exchange in VSMC cultured for 24 h in serum-free medium, and the subsequent angiotensin II response was inhibited. However, VSMC grown in serum and treated for 24 h with TPA to decrease protein kinase C activity showed no inhibition of angiotensin II-stimulated Na+/H+ exchange. TPA caused no intracellular alkalinization of VSMC grown in serum, while the angiotensin II response was actually enhanced compared to VSMC deprived of serum for 24 h. We conclude that angiotensin II stimulates an amiloride-sensitive Na+/H+ exchange system in cultured VSMC which is mediated by protein kinase C-dependent and -independent mechanisms. Angiotensin II-mediated Na+ influx and intracellular alkalinization may play a role in excitation-response coupling in vascular smooth muscle.